A Gram-staining-negative, aerobic, rod-shaped bacterium, T , was isolated from activated sludge in Fujian Province, PR China. The results of phylogenetic analysis of the 16S rRNA gene sequences indicated that it was closely related to Flavobacterium pectinovorum DSM 6368 T (97.5 %), Flavobacterium banpakuense 15F3 T (97.0 %) and Flavobacterium arsenitoxidans S2-3H T (96.9 %). Cells grew at 15-37 C (optimum, 25 C), at pH 5.0-9.0 (optimum, pH 7.0) and in the presence of 0-1.0 % (w/v) NaCl. The strain contained MK-6 as the major menaquinone and the major cellular fatty acids were iso-C 15 : 0 , summed feature 3 (C 16 : 1 !6c and/or C 16 : 1 !7c) and C 16 : 0 3-OH. The polar lipids consisted of phosphatidylethanolamine and one unidentified phospholipid. The DNA G+C content was 36.1 mol% (T m ). The DNA-DNA relatedness between strain EA-12 T and F. pectinovorum DSM 6368 T was 38.6 %. On the basis of phenotypic, chemotaxonomic and phylogenetic comparisons with relatives and DNA-DNA relatedness values, it is concluded that EA-12 T represents a novel species within the genus Flavobacterium, for which the name Flavobacterium quisquiliarum sp. nov. is proposed. The type strain is EA-12 T (=CGMCC
The genus Flavobacterium was first proposed by Bergey et al. [1] . The type species is Flavobacterium aquatile [2] . Descriptions of this genus were extensively emended by Bernardet et al., Kang et al., and Dong et al. [3] [4] [5] . As of May 2016, the genus contained over 140 species with validly published names (http://www.bacterio.net/index.html). The members of this genus have been characterized as Gram-staining negative, rod-shaped, aerobic, non-motile or motile by gliding with menaquinone-6 (MK-6) as the major isoprenoid quinone [6] and have been found in various habitats such as soil [7] [8] [9] [10] , compost [11] , fish [12, 13] , water [14] [15] [16] and ice [17] . The family Flavobacteriaceae is by far the largest family within the class Flavobacteriia, the type genus of the family is Flavobacterium. Flavobacterium defluvii [18] , Flavobacterium lutivivi [19] and Flavobacterium croceum [20] have also been isolated from activated sludge. Members of the genus are widely distributed in nature and show very diverse physiological characteristics, some of them having potential application in bioremediation and industry for their ability to produce various enzymes [11] . Some species of the genus Flavobacterium can be identified by their very typical protein profiles, whereas others exhibit intraspecific heterogeneity [3] . In this study, the taxonomic characteristics of a novel member of the genus Flavobacterium, strain EA-12 T , are described.
EA-12
T was isolated from activated sludge samples from Shanghang county (116 49¢ 11 † E 24 97¢ 43 † N), Fujian Province, PR China. Activated sludge (1 g) was incubated at 30 C using R2A agar (Difco). After three rounds of subcultivation, the enriched culture was serially diluted (tenfold) in tubes containing 0.9 ml R2A broth. Aliquots of 0.2 ml were spread on R2A agar plates to cultivate separated colonies. For (5¢-TACGGCTACCTTGTTACGACTT-3¢) and sequenced [21] . 16S rRNA gene sequence similarities with phylogenetic neighbours were calculated using the EzTaxon server version 2.1 (http://www.ezbiocloud.net/), and positions with insertions or deletions were excluded during calculations [22] . Alignments of 16S rRNA gene sequences of the isolates and type strains of all species of the genus Flavobacterium with validly published names were performed with the CLUSTAL_X program, version 1.64b [23] .
The results of sequence analysis indicated that EA-12 T (Genebank accession number: KU973600) was phylogenetically related to members of the genus Flavobacterium, with highest sequences similarity to Flavobacterium pectinovorum DSM 6368 T (97.5 %), Flavobacterium banpakuense 15F3 T (97.0 %) and Flavobacterium arsenitoxidans S2-3H T (96.9 %).
The phylogenetic trees were then reconstructed with the MEGA Version 6.0 program using neighbour-joining, maximum-parsimony and maximum-likelihood algorithms (Fig. 1) . The neighbour-joining tree was generated with the Kimura's two-parameter calculation model [24] . The maximum-parsimony tree was reconstructed using tree bisection-reconnection with 10 initial trees. Maximumlikelihood analysis was based on the MODELTEST scores. The robustness of the topology of the phylogenetic trees was evaluated by bootstrap analyses based on 1000 resamplings [25] .
T was cultivated at 25 C for morphology and flagella observation by transmission electron microscopy (JEM-1400; JEOL) and scanning electron microscopy (Quanta 200; FEI). Motility was observed by light microscopy (Axiostar plus; Zeiss) and gliding motility was investigated using the method described by Bernardet et al. [26] , endospore formation was determined microscopically by staining with malachite green [27] . Production of flexirubin-type pigments and glycans were determined by using the KOH and Congo red tests, respectively. The temperature range (10-65 C at intervals of 5 C) for growth was examined in R2A medium at pH 7.0. The initial pH range for growth was determined at 25 C (pH 3.0-10.0 at intervals of 0.5 pH units) in R2A medium. Different buffers were used to test the initial pH range for growth; for the pH range from 3.0 to 6.0, citric acid-sodium citrate buffer; for the pH range from 6.0 to 8.0, Na 2 HPO 4 -NaH 2 PO 4 buffer; for the pH range from 8.0 to 9.0, Tris-HCl buffer; for the pH range from 9.0 to 10.0, Na 2 CO 3 -NaHCO 3 buffer. Tolerance to NaCl was tested on R2A medium containing 0-4 % (w/v) NaCl (at 0.5 % intervals). Anaerobic growth was tested on R2A medium after incubation in an anaerobic chamber (CO 2 /H 2 /N 2 , 5 : 5 : 90). Cell growth was estimated by measuring turbidity at 600 nm with a UV/visible spectrophotometer (Biospec-1601; Shimadzu). All growth tests were performed at 25 C for 7 days.
The oxidase, catalase and Voges-Proskauer reactions, and hydrolysis of casein, gelatin, starch, carboxymethylcellulose and Tween 20, 60 and 80 were tested. Formation of H 2 S from thiosulfate was tested using a lead acetate paper strip. Biochemical tests were carried out for EA-12 T using API 50CH and API 20NE test strips and API ZYM (BioM erieux) as described by the manufacturers. All tests were conducted in triplicate. Phenotypic characteristics of EA-12 T are given in Table 1 , Fig. S1 (available in the online Supplementary Material) and in the species description.
For fatty acids analysis, cells were cultivated on TSBA medium for 48 h at 25 C and cellular fatty acids were quantified by gas chromatography (model 6890; Hewlett Packard) using the Sherlock Microbial Identification System following the manufacturer's instructions (Microbial ID), Sherlock Version 6.2B was used. The predominant cellular fatty acids for EA-12
T were iso-C 15 : 0 , summed feature 3 (C 16 : 1 !6c and/or C 16 : 1 !7c) and C 16 : 0 3-OH. The predominant fatty acids found in members of the family Flavobacteriaceae are usually characteristic of genera, though some fatty acid profiles help to differentiate species [28] . EA-12 T had a similar fatty acid profile to those of related type strains, but the percentage of C 16 : 0 3-OH in EA-12 T was higher ( Table 2 ).
The quinones were extracted with chloroform/methanol (2 : 1, v/v) from freeze-dried cells (200 mg) and were separated from other components using the TLC method. The purified quinones were analysed by HPLC, using an Agilent chromatograph equipped with an eclipse XDB-C18 column (4.6Â150 mm; Agilent) as described previously [29] . Results indicated that the major respiratory quinone of EA-12
T was menaquinone-6 (MK-6), which is consistent with the phenotypes of members of the family Flavobacteriaceae.
Polar lipids were extracted and identified by two-dimensional TLC [30] . Merck silica gel 60 F 254 aluminium-backed thin-layer plates were used in the TLC analysis. Lipids were characterized by spraying molybdophosphoric acid reagent, phosphate stain reagent [31] , ninhydrin reagent, a-naphthol and sulfuric acid/ethanol reagent to detect total lipids [32] , phospholipids, aminolipids and glycolipids, respectively. The polar lipids consist of phosphatidylethanolamine and one unidentified phospholipid.
DNA-DNA hybridization experiments were performed by the thermal denaturation and renaturation method at 66 C, described in detail by De Ley et al. [33] 
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Flavobacterium indicum GPTSA100-9 T (HE774682) as a reference [36] . The DNA G+C content of EA-12 T was 36.1±1.2 mol% (values were averages of results obtained in three different assays).
On the basis of the morphological, chemotaxonomic and phylogenetic features, it is concluded that EA-12
T represents a novel species of the genus Flavobacterium, for which the name Flavobacterium quisquiliarum sp. nov. is proposed.
DESCRIPTION OF FLAVOBACTERIUM QUISQUILIARUM SP. NOV.
Flavobacterium quisquiliarum (quis.qui.li.a¢rum. L. gen. pl. n. quisquiliarum of refuse).
Cells are Gram-staining-negative, aerobic, non-spore-forming, non-gliding, non-motile rods (0.8-2.5 µm long and 0.3-0.4 µm wide) with rounded ends. Colonies on R2A agar are circular, convex, and translucent with diameters of 0.5-2.5 mm, entire margins and yellow pigmented after 2 days growth at 25 C. The temperature range for growth is 15-37 C (optimum 25 C) over a range of pH 5.0-9.0 (optimum pH 7.0). The growth of cells could be observed in the presence of 0-1.0 % (w/v) NaCl. Flexirubin pigment is produced. Catalase and oxidase production and casein hydrolysis are positive. Voges-Proskauer test, H 2 S and indole production, gelatin, starch, CMC, DNA, Tween 20, Tween 60 and Tween 80 hydrolysis are negative. Congo red is not adsorbed by colonies. In API 50CH strips, acid is produced from D-arabinose, T ;+, positive; À, negative; W, weakly positive. Data for temperature ranges, pH ranges, NaCl ranges and DNA G+C contents for strains 2, 3 and 4 are from Bernardet et al. [3] , Khianngam et al. [7] , Kim et al. [11] , respectively. Results obtained for reference strains (2, 3 and 4) are consistent with previously reported results. All strains were positive for aesculin hydrolysis, glucose fermentation, maltose assimilation, alkaline phosphatase, leucine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase production. All strains were negative for arginine dihydrolase, urease, a-mannosidase and b-fucosidase production and mannitol, gluconate, capric acid, adipic acid, malic acid, citrate and phenylacetic acid assimilation. 
